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The knock~llmitid performance of blends contdnlng Gene2’al.
Motors triptane h S reference fuel and h an S plus M base fhel.
was d.etermdnedIn 17.6, F-3, F-4, emd full-scale (single cylider)
erginem. TIM results ~btalned are presented and ahe ccmpared with
published data &cm slmllar tests of 12 emmaticss, 10 pemaffins
(lnoludins hl@ly purified trlptane), and 2 olefins. The comparison
of fuels - tiich is based on a cmeideration of (a) antiknock
blendlng sensitivity, (b) lead susceptiblllty, (c) temperature sen-
Sltivity,
data - is

and (d) ccmqparisonof emaU-scale
presented by means of bar graphs.

end fuU-scde engine

An lmesti@5ion to detemlne the antilmock effectiveness of a
nuuiber of h@ purlfled components of aviation ftmls Is being con-
ducted paler the eponsorshlp of the W. Each of”the ccmpohents Is
individually.blended .wlthone of several base fuels and”Is then mib-
~ected to knock testm at various opemtlng conditions. Ten.parE&-
fio ~ooarbons .(inoludd.ngtrlptane of high purity received frcm
the Na’tlonel Bureau of S~ s) and two oleflnlc hydrocarbons
bl@ed with - S5 pement S plus 13 percent M base fuel and leaded
to 4 ml ~ pqr galJ.onhave beq knock-tested in F-3, F-4, and fUll-
scale s#xgle-cyllxi@?engines; the results ere present6d in refm
ences 1 and 2. Twelve armatlc hydrocarbms, in additlm to being
t95t8ah ths af~ ti~a manner,have also been book-tested in
a supercharged 17.6 eng- h blends with the S plus M base fuel and
S mferenoe fuel. Data for the ~tics ~ p~~tia h ~f5r-
ences3to.6emdere mmmerlzed In refemmce 7. “ .

. . ..

... -. ....
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A study Of the e@xu3 ~lhrBWW3 of @iemd. Motors tl?iptane
was concurrently undertsJcenby me Clbvelt& laborato~ at ths
l%quest of & &my Air Forcgs, Air Technical Service Conmand. The
PXW@%UU Includsd knock-limlted perfomam e tests in laboratory
engines (reference. 8 tO 10.),ti a fW.1-scele stmgle-cylinder engtne
(re&erences u and’ 12), III ti-sc~e “titicylinder enghes (unpub-
lished data), ar@ in .$’lQht(reference 13).

As a part of the genersl .tivesti~tlc)nof General Motors trlp-
tane, a ccqpsratlve evaluation of triptane with mmerous other hi@- “
performance _5zelsbased on .tistsWith a nmbqr of engines was Con-

sidered desirable. M order to make such an evaluation, blends of
GenersL Motors trlptane comparable wl+a those of the highly purlfled
hydrocarbons (reE&.ed in references 1 to 7) were tested at the WA
Cleveland laboratory during the latter part of 1944. Presented
herein srq: ~“ I, tests and rssults for General.Motors triptane
blqnded with S refergnce”fUS~ W +Ae S DIUS M Imse fud obtifilc~
with F73, F:+,”md””l?.6 engines md s full-~cale Cylir.der;P- III

a cm~son of Ge@rsl Motors triptane data with Natimal Bureau
of Stanaaras“.tripteme”data; and psxt HI,. a comprehensive mmq?ar-
Ison of Genbral.Motors tiiptane with the following purified h@ro-
csrbons:

..
.- ..

“B~nzem . “. ““ “., “ 2-mt@lbutU (isopene)
ToI&ti 2,3-Dlmethylbutans
Q-Xylene (diisopropyl)
J2-Xylene 2,2-Dlmethylbutans (nsOhSXSI10 )
Rhylbenzene Z,2j3-Tl?h@lWtSnS
Isopropylbenzem (cwnene) (triptane)
+-BuWbenze.m . . 2,2,3-Trimethylpentans
~-Butylbenzenam . 2,3,4-Trimethylpentane
ti-Diethylbenzem”

!-E+@l:4*?Vlbenze&”’ s
2,3,3-Tr~thyl.pentene.
2,2,3,4-Tetremethylpentane

‘1~3,5W’rimet Nymzene . . 2,2,3,3-Tetremethylpentane
7“(mei3itylene- “ 2,2,4,4-Tetremethylpentane

1,2,4-Tti6t~lbenz6m . 2,4j4-T~lmethyl-l-pentens
(paeudomlene ) “ 2,4,4-TrlmOthyl-2-pentsnO

The pr- factors consldersd.S&J (a) antilmock blending sensi-
}i~ity j‘“(b) lead susceptibility, (c) temperature sensitivity, and
(d) correlation

Because of
@Laxity, only a
ratios of 0.065

of Small-scsle and .full-scelesngine results. “

ANALYSE

the large ernount

portion could be

PmclmLIRE “

of hydrocarbon data and ~iiS C~-

effectively presented. Fuel-air
and 0.10 were therefore selected at which t.omake
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the Oclqparieon;they M considered to be representative of the
extreme conditions eqerimced in flight (cruise and take-off).
“B&Jci&ieengti-perfoznuic ppmximately these fuel-airedata ata
mtlos genemlly fell.on the flat portions of curves showing +k-
llmited indicated mean effective *eemum aa a fnnctlon of fuel-air
ratio, the data are ooneequently not only more reproducible than
that at other fuel-air ratios but ems slso less affected by small
shifting of the aromatic curves O* to changes in the 6t01ChiO-
metTic fhel-alr ratio.

The data m genemlly &alyzed on the basis of knock-limited
lmeP mtio (ratto of Imep of the test fuel blend to IIUSPof the
base fuel). This method was preferred because in SC%UScases the
knock-limited indicated mem effective ~ssures were so great that
an evaluation of data in tezms of Isooctane and lead was impractical#

For the comparison of triptane with the 23 other fuels
(m III), bar graphs are used to present the comparative ratings.
The hydrocarbons exe, for convenience, ueuelly listed in order of
antilmock perfomanc e at each set of engine conditions.

I -!13WTSANDRFSULTSFCRGEKERU

Appsratus, ltwls, and Test

XYrms TRIPTARE

Procedure

A description of the 17.6, the F-3, and the ‘besearch”F-4
enginee smd the operating conditions used in the present tests ere
given In reference 4. The reseemch F-4 engine (called the F-4 engine
Woughout this report) is not a package unit but was operateh at
F-4 conditions; a _tostriction pickup unit in con@nction with
a cathode-ray oscilloscope was used to detect knock.

The R-1820 G200 single-cylinder eng~ and the test conditions
used EUW described in reference 1. The conditions are those tenta-
tively recommded by the Coord*hmtic& Reseemch Council.for simulated
cruise and tlckzj-off.’ Pwtinent operEttug cmdit~ cm for the aircraft-
engine cyllw?.m as well as the 17.6 mgine tests are given in the fi&
urea a ‘d3Zhls.

The fuel-ccmpment concentrations end an outline of tests for
the blends of General Motors tmptane are as follows:

●

.. -.. ..- .— .-— .

.



— —— —— . .

,

4 NAcA MR Ivo. E5E15

Engine

17.6

hilet -air
tempera-
ture

(OF)

250
100
250
100
250
100 .

225

250
210

F-3 ratings were
as for unblended
TEL p9r gullon.

The Gemral

In@ns
3peed
(nd

Triptane in
%1.end (per-
cent b
volumeT

1800
1800
1800
1800
HKlo
ldoo

x

0,lC,20
0,20

0,10,20
0,20
0,25

0,10,25,50

2500
I

0,25
2000 0,25

ITEL In

Beme f%el

I

fInal
blend
(ml/gal)

s-4 o
s-4 o
s-4 4
s-4 4

B5i S-4 + 15: M-4 4
B5”~S-4 + 15~<M-4 4

B5;<S-4 + 15:<M-4 4

IB5$S-3 + 15S M-4 4
95$S-3 + l!% M-4 4

also obtained for all the triptane blends as well
trlptane, which was tested with and without 4 ml

. .. .

Presentation of Results
, ...

Motors trip-tanedata for tie 17.6, F-4, and si.ngle-
C71iXId01?aircraft engines a presented in the conventional manner as
GUZ’’VeSof k)lock-lmted ~iceted ~SII effective pIWSSUZ% d ixilet-

air pressure against f’uel-airratio. FuOl-consmption data were .
recorded omly for control purposes.

.. . . . . .

17.6 engine tests. - The 17.6 engine performance with 0-, 10-,
and 20-pWc9nt unleaded ble~ of triptane h S-4 reference fuel Is
presented In figure l(a) for tests at an i~et-aj.r temperature of
250° F. Figure l(b) contains datm on O- and 2G-percent unleaded
blends at an inlet-air tomperat~ of 100° F. Similur data for
blends leaded to 4 ml TZL per gallon are shown in Pigure 2. F?g-
uzw 3 presents blends of O and 25 percent triptane in the S plus
M base fuel at inlet-air teqeratms of 250° and 100° F; these
blends were leaded to 4 ml TEL per gallon. The data on each of the
figure sheets showing 17.6 ergjne tests wero obtained the same day.

F-3 and F-4 ratings. . The F-4 ourves for the S Flus M base
fuel aridfor blends of lC, 25, and 50 percent General Motors trlptane
In this base stuck are presontod in figuw 4; hrackcting reference-
fuel curves are also inoluded. The F-4 and F-3 ratings for all the

9
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GSIMISI.Motors. “_bL&MMblends tested are presented in &WS- I ti
te~ of S-4 plmr -lead,“whichare in tura converted to Jmuy:Havy
perf~ e.nmibers.

. . . .....-%. . .
. .

UIELsmuch as the F-4 zatlngs of the trlptam blends ~’ deter--
ndned ‘onseparate daya, ~ck-limlted imp ratios may have been
affected by ~-to-day shifts in the power level of the enghe.
~ order to avqld this poqsible error,’the F-4 trlptane tests we- ‘
mpeateii a@qlltiremadsln one day. ?lheresulthgcurvep :. .
(Wib3Clwted) are ~seqted In figure 5. .

,.. ..
~-stile slmle-cylblsr tests. - The full-scale cyllnder

tests, made at simulated take-off and crulsp conditions for a
2S-percent blend of General Motors trlptane h the S plus M base
fuel (leaded to 4 ml TEL/@), are presented in fi~ 6. Super-
Imposed on these plots are ~ference-fuel curves that parbly bracket
the test curves. TheJpositions of the S plus M base-fhel curves
in figure 6 were ,Utemlned frcnntheir positions relative to the
bracketing reference”-fuelcuryetipresented In reference 1.

Suumlsrlzation. - 933shOOk-lhitOa lmep ~tios of the Genezwd.
Motors triptane blends”obtdned with 17.6, 3?-4,and full-scale
Snglnes are emmu’lzed in table H for fuel-alr ratios of 0.065~
0.07, 0.065, 0.10, and 0.11. Table III suuxuarizeslead suscepti-
bility and temperature sensitivity of trlptane blends relative to
the base reference fuels, as detemined by 17.6 engine tests. A
sumusry of the antiknock blending sensitivity of General Motors
trlptane, based on F-4, F-3, and full-scale test results, is pre-
sented h table IV. Data.on IVatlonalBureau of S~ purified
triptane (- references 1 and 2) are also Included and will be
discussed In the following SectIon.

II - COMPARIEOITOF ~ mm MD lWCIOEAL. .

The -relativeantiknock qusllty of General Motbrs and Hati*
Bureau of S~ 8 (m) trlptane me+ybe c~a m the basis of “
the data In table ~. The ftil.1-scalecyllnder tests show the NBS
trlptane blends to have the same rlch~ response as General
Motors triptane. At lean fhel-alr mixtures the ~ trlptane blends
gave.greater knook-lwted ,pgwer, but a ccmp@son of the reference=
fuel cumes. presented herein with those of reference 1 show c~ia-
emible vsmlatlon in performance. At a fbel-alr ratio of 0.065 a
change In hdlcated mean effective pressure of 10 p~s per square
-h In the knock level of the test”fUOl WOuid affect the perf~
mmiber as much as 10 units. Because a verlation of 10 pounds per S-
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~tely the qperlmentel exror at leanIulxture cm=inch is a
dlticns, a perfcrmance number of 143.for the K6S triptane blend
aa caqpeuwd ~~ 129 for the Ceneml. M@ore blend We theref~ .
_ =ee* the llmits of etierimehtal error. The F-3 ratfngs
gave performance nuuibersof 130 and 132 for the llBSand the General
Motors trlplxme blends, respectively.

The F-4 ratings In terns of performance nuniberfor the two
..-. trlptsne stocks blended,in concentrations up to 50 percent are ca-

pared lnflgure7. This correlation of the knock ratings 0$ the
blends at both lean and rich mixtures shows the data to fall clbse
to the 450 line. Differences In the hock-limited power of the tvo
stnnplesof triptane m not slgnlflcant, as shown by the correlation.

~ - COMPARISOIVOF ~ m OTEERHRm-mmmmIfoFI HYDmcAR801fs

CcmrparativeRatings and Discussion

Bar graphs of triplane and the purified hydroc-bon performance
data frcm tests tith 17.6, F-4, F-3, end full-scale slxtgle.-cyllnder
erglnes m presented In figures 8 to 14. For emphasis, Wiptane is
printed In capital letters on all graphs. A discussion of the data
follows. “

17.6 enahe dam. - Data frcauthe 17.6 engtie arb presented in
figure 8 for unleaded armatic and trlptane blends and in figure 9
for leaded arcmatic and trlptane blends. Figure 9 contains data on “
Wptane and the ercmatics tested In both the S plus M base fuel and
in S reference fuel. The unleaded 20-peroent trlptane blend at an
Inlet-air tempemdnare of 250° F showed hnprovement over the best of
the 12 amxnatic blends at lean mixtures; at a fuel-air ratio of 0.10,
6 arcmatics”gave higher knock-limlted power than tiiptane. For
leaded blends, except for the lean~tuzw ratings at an Inlet-air
temperature of 2500 F, 8 of the 12 arcmatics had better anttik
blending sensitivity than triptane. (See fig. 9.)

.-. _
=er CCQp-iSOn Of fi@Wes 8 and $dShOIWJthd tii.pt8t10iS

listed lower relative to the aromatics in the leaded blends than in
the unleaded blends. It 16 thus apparent that the “better” aromatics
a’s more susceptible to lead than triptane. The position In which
trlptane (both clear and leaded) rated at fuel-air ratios of 0.065 ~
and 0.10 lowered when
which indicates that,
arcanaticswas greater

the Inlet-alr taperature was reduced to 100° F
in general, the mature. senBltivity of @
than that of trlptlxne.
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F-4 enuine data. - Data from the F-4 engine cm the ~lm,
Olefinls,and hrcaurtim, are.prese.ntqlIn ?.lyreg .10 ~. 11 for o=) .
10-, 25:, and SO”-$eiobrk~bld ‘
ratinge in term ct performibme
rloh ratin& (fuel-ah ~tio af
imep ratios - shown in figuke
oarbone are listed in the order
25-peroent blende. Beoause the

in tpd S plus M baee fuel. Lean
nyqbers =e ehown in flgur9 10 end
O.10] expressed ae knook-limited.
11 ● In both figures the h$dro- .
of blending performance in the
respome ourve for the 50-peroent “ .

ble~ cd 2,2,3,3-tetrame”thylpentanebeoa@e vertloal bef’orea fuel-
alr ratio @ 0.10 vas reaohed, the -p ratio.oould not.IM d@~-
mined. The.imp ratio at 0.10 fuel-air ratio is at leaet 2.0, as”..
Indloated by an ~ead in fIgure 11.

At leen mixhu!w the azrtiknookblcmding seneitlvity & trlpt-=
waa,higher fcm oombntratione “greater.than 10 peroent than that of. .
the other hydrooarbone. “An Inoreaee in powerat lean mixtures waa .
observed for sevenof the paraffins (tnoluding trl~ane ) when the
ratio of blemding aged to baae fuel wae Inoreaeed. Heither the
arcsnatIoa nor the olefins showed promise in this respeot.

The Inoreaee in perfomanoe of triptane blende over that &
the base fuel at a fuel-air ratio of (1.10wae greater therlat lean
mtxtmree but w exoeeded by that of several erciaatIos (six at the
25-peroent oonoentration) and a nonane; theee aromatics.end the
nonane gave relatively low lean-mixture =sponee. The Olafin
2,4,4-trtiethyl-l-pentonehad lower antiknook blending seneltlvity
than trlptane at a fwl-alr ratio of O.10; if the ocmparlson is made
at a fuel-alr ratio oorrespondlng to that for F-4 >atlnge (approxl-
mately O.11), however, the olefin would rate higher then trlmane.

A three -dimene ional plot showing the edfect of fuel-air ratio
and blend oonoentratlon on the knook~limited imep ratio at tiiptane
and a typioal aranatio is presented in figure 12. Beoauee of
current interest toluene wae”selboted ~or this Comparisori.At eaoh
blend concentration the sensitivity af the toluene blend to fuel-air
ratio was water than f’orthe triptane blend. At the SO-pemoept
conoentration end a fuel~air titio“-ti.0:10, .to>ueneshowed a rapid
rise in the rate-aF-p-r inoreaee. “This effqot was also observed.
for the nonane 2,2,3,3-tet~amet&l~entane and a number of the bettm
arcxaatios. It should be pinted but, however; that for blend .mn~-.
oentrations of 25 peroent or less, F-4 results.aro not materially
effeoted by ohanging the parameter of the oomparisti from a fuel-air
ratio cd oq10 to tlqatOQ~W~i~ to l’.=4ratinga.

F-3 enuine data,.-“F-3 !catingsC& the l@rooarbon blende in
both S referenoe fue~ zmd the S plus M base fuel are presented In
figure 13. .(Thedata-are”Irioompleteow~ to the l-ted supply

,.. . .

a

—.. —- —
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of ftael.) !!!rlptane,clear and leabd, usually had better antlhock
blendlng swisltivity thaq SPY of the other purified hydmc=bons
tided ● Several of the purifiid pamffhs eh~a IIWCUWEI IMMMY
as hi@~ as trlptane. Leaded S-4 referehoe fuel had hl

F
r an%t -

knock perfonuanoe thpn l&d6d trlptane. (See table 1. . ,
... . .

dcita ‘“-The run- scale singleYcylfndar
data for -percent bl% *&bon blending agents In the S
plus M base fuel are presented In figure 14. The blendsj leaded to
4 ml TEL per gallon, qw presented In the order of their knook’llmlted
power at the,engine.speed end Inlet-air tsqperature simulating cruise
conditions. As also observed for the F-3 and R’-4lean perfomanoe of
the blends, trlptane pemnltted higher leanwdxture kneck-lhltid
power at the higher speed and inlet-air tempemture than any of the
other hydroc~bons tested. Three pemfflns d three arcnuatics,how-
ever> had canparable respohses.

When the engine condition were moderated, the lean &p mtios
of triptane as wdl aa of the other paraffins were but slightly
affected; whereas the Imp ratios of the arcmatice and olefins
shored -veuuent . For exaqple,”two of the aranatlcs at a fuel-alr
ratio of 0.065.shoyed Improvements In the perfomano e of the base
fuel that were greater than.ttice that obtainable with triplane.
At the mue condltlon~j SIX other arcmatlcs gave better response
than triptane, and two of the paraffins and the two oleflns showed
a blending sensitivity equal to that of triptane.

At a fuel-alr iatio of 0.10,”2,4,4-Wn@hyl-Vpentene and
.nlnearauatics showed greater response than triptane. lh faot,
five of the aromatics pemitted lmprovments h the perfomsnoe of
the base fuel approximately twice that pemltted by trlptane.“Only
one of the eight paraffins equaled the blending ability of triptene.
Thq Imook-limited hep ratios of tie arcmatics and oleflns were
sensitive to the lean-mixture conditions and also showed @rovement
with Inoreas* fuel-alr ratio,”whereas triptane had almost the sane
imp ratios at both fuel-air ratios and both engine conditions.
The three trlmethylpentanes were slmllarly affected. Referenoe 10
.indlcatesthat this small effect of changing the op6rating ~ables
IMY not hold true for trlptane over a broader range of engine
conditions.

Comelation of Ih@ne Data

Changes In engines end operating conditions have & greater
effect m the antiknock blending ablJity of the aranatics ~ cm
that of tri~ane . A more thOrOll@ summarization of the hydrocarbons
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Can bemadebyc am?EkIMthe fuels at the various dmrees of seva?ity
- at ldhql $he imptai wan:ratql. correl@ions for *- $uU--sea@ oyl-.. ...-
i&!h&-kta at fuel-air ratios of 0.065.anrlO .~O with @e F-3,”F-4:{at
0.10 fuel-air ratio), d the 17.6 m @ta are .preientedh fig-“
ure1315to 17. These plots ere slm31em to:those used In references 1,
5,1?md7. o

The full-scale cylinder data plotte~ agaimE~’the F-3 and F-4
(0.10 fhe~-air ratio) data for the 25-peroentblefis of ~c,
Olefinio, and armatic hydroosrbons in the S plus’M base fuel saw .
presented in figures 15 ti 16. The lean-mixture ratings for the

. pardfldo blends (fig. 15) fell el~ the matoh l-, but at a fuel- .
air ratio of 0.10 (fig. 16) the pcu#fim are more responsive in the
frill-soaleoylinder than in the F’-4engine. Triptane falls close to
the matoh line. The arcaatios, like the t.w olefins, em mom een-
slti.vein the full-soale oylinder than in the F-3 and F-4 rating
engines. This fhot is most obvious in the leanmirture chart oa-
P=Z * F-3 ~ ~-sc~e cyl*r slnWatid ‘oti= ~w (flg~ ~) 9

FIz 17 is a correlation of the 17.6 engine data with full- “ “
scale cyllnder data for the 12 arcmattcs and triptane. The
20-peroent blends of the hydrocaz%ons in S referenoe fuel tested in
the 17.6 engine are plotted.against 25-peroent blends h the S plus
M base fhel tested in the fuld.-scalecylinder; final l!lendscon- .
*d 4 ml TEL per gallon. Because of the diffenmoe” in bleti
caposltlons, no theoretical comelation line could be drawn.
Nevertheless, frcm the figure the correlation between the two
sets of emanatic data at simulated cruise conditions is a~~4
1-SZ. (It is at ftdl-scale cyl-r cruise conditions that the
F-3 engine fafls to differentiate betwen arauNics of wide anti-
knock ability as measured on the full-scale cylinder.) On the basis
of figure 17, triptane rates h nearly”the same order emomg the “
srcmatics tested with the 17.6 engbe as with the full-scale oylihder.

..-..

,.
At the most -peverelean~ ccmditioms (F-4.end F-3) irtR- “

tane had better antiknock blending sensitivi~ than any of the other
c~ounds tested. At milder ccditions, as re~aented by tests on
the full-soale cylimder (cruise), the perfonnanoe of Srcanaticsyas “
-veal CC=Psred with that of triptane. Hr these renditions
tert-butylbenzem, @iethylbenzem, l-ethyl-4-methylbenzene,iso-
ropylbenzens, end severel less outstandbg lean-ndxhre axwnatics
i!ethylbenzene,~-but@benzene, and 1,3,5-trimethylbenzene) had
greater antibock blending sensitivities than triptane, The parti-
fins 2,3-~thyllnz~ and 2,2,3-trimethylpentaneas well as the
two olefins had blend- sensitivities ccaparable with that of
triptane in the full-soale cylinder (cruise) tests.

I
,.. . . . . . .— —.
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h the 17.6 engine tests the behavior of W& ~tics w
elmilar to the full-scale cylinder tests. Ih both en#nes ~=
butylbenzeneand E-dlethylbewme.had;about~ce the blendlng~”
sen81tlVlty of triptane at cruise conditions.

At’rich mixtures (lmded blends) the order & which triptane
r&ted eiuongthe hydrocarbons was about the same In the fuld-scele cyl-
inder, 17.6, @ F-4 engines. A nonane”..2,2,3,S-tetremethylpentane
(testcdionly on the F-4 mgx ):,an.olefln 2,4,4-trlmethyl-l-pentene,
and at least seven aromatics had better untilmock blending ssnsltivity
then triptane. Five of these arcxnatice- g-diethylbenzelae,tert-
butylbenzene, 1,3,5-trlmethylbenzene,p-xylene, and l-ethyl-4-thyl-
benzene ~ were the best rich-mixture blmdlng agents tested; -
2,2,3-trimethylpentanewas sllghtly lower In antiknock blending abil-
ity than triplane.

At rich ~ures, decreasing the Inlet-alr temperature of the
17.6 engine had.little effeet”on the performance of triptane relative
to the base fuel but did improve the peri’ozmanceof the aromatics.
The qffsct of lowering the engine speed and Inlet-air temperature on
the Imep ratios of the 22 hydrocarbons tested on the full-scale cyl-
inder was” hdgnif icant.

Figures 18 and 19 present, In the fozm of bar graphs, relative “
lead misceptlbllity and relattve tempmature sensitivity of the m- .
matics and triptane as determined with the 17.6 engine. In general,
the lead response of triptane was lower than that of the better aro-
matics; the lead susceptibility of the anmatics apparently increased
with antlbock blendlng ability. Frau referencg 14 the lead.sus-
ceptibility ef ox paraffh relative to another is approxhte
unity ● .

The foregoihg ~ka on lead susceptibility are applicable to
a cqparison of the _rature-sensitivity data of triptaue and
the aromatics. At a fuel-air ratio of 0.065 the aromatics that
showed c,onsldmable sensitivity to Inlet-air temperature in the
17.6 engine (fig. 19) were, h geneml, sensitive to the change in
full-scale cylinder operating conditions (fig. i4),

Although. the lean-mixture &p ratios of the two oleflns were
greatly improved by modifylq th6 full-scale cylinder operatfng con-
ditions, the performanceof the parafflm was comparatively Unaffectd.



Fran this dlsctisionit can be eqected that the olefinsand the
X- -d, h gOIMI?SJ.j respcmdto.Inlet-alr taqperature In .. - .
“-the17.6 engihe nruohthe same.as they dld to e~ratlng ooqditiona
In the.t’uXl.-scalecyl~r. . ... .
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TJ3= I - F-4 AND F-3 WINGS OF GENERAL.3KYTORSTRIPIWE BLENM
g
x=

Ei
Blend cqositi=.

~ercent by volume)

Ii
WIE - S-4 85 per-
tane refer- cent S-4

ence + 15 peT-
fuel cent M-4

El_lL_L

——
I!etra-
9thyl
Lead
(ml/

z)

4
4
4
4

77
0
0

4

F-4 ratings I F-3 ratings !

0.50 ! L16 I 0.21 I 108 0.31

I I 1.14 I 128 .5
1:: , % 1 2.S6 144 1.4
3*53 I 150 i>6.30 *185 1.89

--------- -------- --------- -------- 0.02
---------- .-------

~

.---------------. .10
----------------------------------- .08

i I--------- ------------------ ---------- 3.8 A
Ill
116
132
137

ml ,
MM
103

151

‘Estimatedperfomanoe number of test fuel =
161 X illWp of test fuel

imepof3+ 6ml TEL/ge1° “

Il!nl

149 I

NationaiAdvisory Canmlttee
fcr Aeronautics

I

.
.,.
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TABLE II - TESC RIWLTS W SUPERCHARGEDENGINE “TESTSOF GENERAL WTGRS TRITTAMEELERCS
a
g

~ ii?-+:-
hip- S ref- E15per-
~e erenoe cent S

fuel + 15 per- -) (rpu) temper-
1I

I

cent M “
!

ature
(%)

[
1 1 I I 1 I I I I

17.6 engine
I # 1

121
~
1.02 123

1! I
‘ 1,02 ’142 1.03

l~g 1.06 ,130 1.07 ,L5C ! 2.09

182 ~ 1.16 1177 i 1.15 191 ! 1.21

’216 II1.05’222 : l.% 252 ! 1.09
233 1.13 242 ~ 1.16 !279 ~ 1.22

330 [ 1.20 1318 ] 1.18
,

184 ‘ 1,24 !195 ! 1.24 1219 I 1.32

240 I 1.28 ~239 I 1.29 [248 I 1.31

F-4 emlne

169
I
L.C)9

181 1.17

276 ! 1.10
309 ! 1.23
-

,“

h i

rt3 ‘ 1.lL
I

+

189 1.20

196 , 1.2C

--t-l
277 ~ 1.10
312 1.24

32~ 1.19

~227 I 1.28 ‘

-

237 1.28

50 I c1 I 50 I 4il i165 i 1.49 i190 ~ 1.51 j264 ~ 1.66 1297 i 1.73 1295 jl.74i
.—— ..

Fqll-s~le cylinder.-..
1

25 j O I 75
1 I I ! I I I I

I 4 I 25W2 1 25# il~2 1.28 i192 ! 1.26 i251 1.34 278 ‘ 1.28 289 1.25
I 1 !

25
I o I 75 4 I 200G z~(l ~lg~

I 1.26 1201 ~ 1.26 1238 1.20 275 1.27 286 1.25

almep ratio .
imp of triptaneblend g

@ of baee fuel 9
National.Advi80ry Ccmmdttee

for Aeronautlca

I

I
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TAEIX III - LEAD ~IBILITY m ~ msmm

,,. , . . . . OF,GIIVERALMCTORSTRIIWANE BIEKOS .

~7. 6 englna; cwrpresalon rattc, ‘/.0;engine speed, 1800 rpn;
outlet-coolant temperature, 212° I’;s~k advanoe, 30° B.T.C.]

(a) Lead Susceptibility

Blend ccnnpositlcn Ini&t- 1

(peroent by volume) air
Relative lead susceptlbilit~

— tempe@-,Trlptane S reference atwe Fuel-alr rat~o “

fuel
(%) 0.065 0.07 0.085 g.lfl

,

I o 100 2SC 1,00 ~1..OO 1.00 I1.00l.ooi
I 10 90 25G 1.03 i1.04 1.06 !1.01 1.(JJ

20 89 250 1.05 !1.08 1.12 ‘1.05 ~1.03

o 100 . 100 1.00 1.00 1.Q3 1.00 L.oil
2cl 80 lJO ,1.n3 ‘1.G3 1.(X 11.00 ● ~g

%elutlve lead eusceptibill.tyeqnal~ imep ratia of Wend plus
4 ml TEL/gal.div~ded by imep ratl.oof blend plue Clml
TEL/gal,

.

Ble
(per

Wlp-
tane

0
20

0
23

0
25

d mlllp
:ent by

erence
fuel

MO

80

1O(J

80

o
0

(b) Tmp9rature Sensitivity

mlt ion ~Tetra.
Vdlme )

I

etl~l
‘— lead85 per-
cent S (ml/

--1-

+ 15 per- &al)

cent M

o 0

*

o 0

(J 4
0 4

11:4
4

Relatlve temperature sensitlvlt.@l

Fuel-air ratio
# i 1 ,

0.065

1.00
1.07

1.00
1.06

1.00
1.03

0.07

1.00

1.07

1,00
1.02

I ,,~~0.095 0.10 .

1.00 1.00 1.OC
1.11 1.03 1.00

1.00 1.00 ! 1 00
1.00 .SQ I .96

1.(XI 1.00 I
.99 l.cllI :::

%elatlve temperature sensitivity equals imp ratio at Met-air,.
temperature of 100° F divided by tip ratio a$ inlet-air tem-
perature of 250° F.

National Advisory Ccnmdttee
for Aeronautics
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TABLE IV - COUPARZSONOPAUTIKNOCK BLENDING SENSITIVITY DATA ON GENERAL MOTORS TRIPTANE AND’NATIONAL SUREAU OF STANDARDS TRIPTANE >

0

Blend compoaitlon I Engine
(percent by volume) conditions

rrip-
tane
+4ml
rEL/gal

’85 percent IEngine Inlet-
5+15 per- speed air
cent U*4 ml (rPm) temper-
‘“TEL/gal

1-”1
atuie
(°F)

10

25

50

90 1800 225

75 1800 225

50 1800 225

Source Test results
of
ltrlp-
tane

Performance Fuel-air ratio
number 0.065 0.07 0.085 0.10 0.11

Lean Rich lmep imep imep lmep lmep imep imep lmep lmep lmep
mixture mixture ratloa ratloa ratioa ratioa ratioa

II
GM 122 128

~b 130 127

GM 137 144

NBSb 139 146

!3M 150 -..--.-

NBSb 150 -------

F-4 engine

113 1.02 132 1.05 172 1.08 187 1.03

146 1.09 157 1.08 179 1.08 195 1.09

124 1.12 153 1.21 200 1.26 222 1.29

149 1.10 178 1.22 2(XI 1.25 227 1.27

165 1.49 190 1.51 264 1.66 297 1.73

176 1.31 196 1.36 276 1.66 307 1.72

190

195

224

229

299

312

1.11

1.C8

1.30

1.27

1.74

1.73

F-3 engine

25 75 1200 ------- GM 132 ----.-- ------ ------ ------ --..-- ------ ------ --.-.- ---.-- --.--- ------,

NBSC 130 ------- -----. ------ ------ ------ --.-.- -..--- ------ -..--- ------ ------,

25 75 2500 250

25
I

75 II2000 210

I I I

almep ratio = imep of test ~el
imep of base fuel”

II
GM ’129 e144

NBSC %41 S141

GM ‘5130 ‘=’147

NBSC %35 e144

%atal’rom reference 20
c~ata from referenoe 1.

‘Performancenumber,determined at fuel-air ratio of 0.065.
‘Performancenumber determined at fuel-air ratio of 0.10.

‘ull-scale cvlinder

182

201

193

202

–.–

1.28 192 1.26 251 1.34 278 1.26 269 1.25

1.40 202 1.31 249 1.33 272 1.20 281 1.27

1.26 201 1.26 238 1.28 275 1.27 266: 1.25

1.35 204 1.31 232 1.26 272 1.30 282 1.25

NATIONAL ADVISORY COMMITTE8
FOR AERONAUTICS

m
m
m

(n

m



(a) Inl.t-alrtemperature,250’JF.
Figure L - The knock-limited psrformanoa of blend, of Oeneral Motors trlptane and s-4 refarence

fuel in a 17.6 engine. Compraselon ratio, 7.0; engineepeed,1S00 rpm; eparkadvance,>0° B.T.
outlet-coolant t=pemture, 21# ~.
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O 20 percent trlptane + 80
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;
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;

g
a
d

e
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(b) Inlet-airtemperature,100°F.
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(a) Inlet-air temperature, Z50° F.
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Figure 2. - The knock-limited p& formance of leaded blends of General Motors trlptane and
s-4 reference fuel in a ~7.6 engine. Compression ratio, 7.0; engine speed, 1600 rpm;
sparkaclvafice,30° B.T.C.; outlet-coolant temperature, 212° F.
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Fuel.
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0 20 percent trlptane + 80 percent

S-4 + 4 ml TEL/gal
.

3
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0
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0

26
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Fuel-air ratio

(b) Inlet-air temperature, 100° F.
Figure 2. - Concluded.
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(a) Inlet-air temperature, 250° F.
Figure J. - The knock-limited performance of leaded blends of General M0t0r6 trlPtane and

s plus H base fuel in a 17.6engine. Compression ratio, 7.o; mane weed, lgoo mm: Wrk
advance, 300 B.T.C.; outlet-coolant temperature, 212° F.
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(a) Base fuel (~5percent S-h plus 15 percent M-4 plus 4 ml T= per gallon).
Figure k. - The knock-llmlted performance Pf leafledblends containing General

and 9 plus M base fuel in an F-4 ●ngine.
Motors trlptane .
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Pigure 4. - Continued.
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(c) 2 percent General Motors trlptane plus 75 percent (65 percent S-4 plus 15 percent
~~~~ ~1.~ ~+::l:~&per gallon.

. .
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Fuel-air ratio
(d) 50 ercent @ener?l Motors trlptane plus-50percent (g5 percent S-4 plus 15 percentM-4)
~i::: ~,ml TEL per gallon.

- Concluded.
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Figure5. - The F-4 knock-limited performance of leaded blends containing General Motors

trlptane and S plus M base fuel tested in a single operating day.
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(a) Engine speed, 2500 rpm; inlet-air temperature, 25.0°F.
Figure 6. - The knock-limited performance of leaded blends of 13eneralMotors triptane and
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